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Abstract Raman spectra of Japanese cedar (Cryptomeria 
jciponica D. Don) treated by vacuum impregnation with 
aqueous boric acid solutions (8.1 X 1CT 2 to 7.29 X 
10 'moldm ’) were recorded using a near-infrared laser as 
an excitation source. Raman spectroscopic measurements 
were carried out on treated wood blocks of two sizes: 20(T) 
X 20(R) X 5(L) mm (A-type) and 15(T) X 15(R) X 50(L) 
mm (B-type). Our attention was focused on a prominent 
band (iq) assigned to a symmetrical stretching vibration of 
the B0 3 group because no Raman band due to boron spe¬ 
cies was observed except bands of B(OH) 3 . We observed a 
change in v 1 band intensity with increasing boric acid con¬ 
centration in the aqueous solution used to treat the A-type 
wood blocks and investigated the correlation between the 
intensity and the peak-top wavenumber. Raman line maps 
in the longitudinal direction of the treated B-type wood 
blocks revealed that B(OH) 3 is concentrated near the cut 
ends. These results suggested that two groups of B(OH) 3 
exist in wood in terms of the chemical species in the nearest 
neighbor sphere. 
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Introduction 

During the last decade wood preservatives containing ar¬ 
senic and heavy metals have been rapidly replaced because 
of environmental concerns. Boron compounds are often 
used for preservative treatment as they are less toxic to 
mammals while being regarded as both an effective insecti- 
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cide and fungicide. However, boric acid and borax, the most 
common boron compounds, are readily eluted from wood 
by rainwater. 

Boron compounds require stable fixation in wood and 
must have low toxicity in the environment. New processes 
of boron fixation have been proposed, 1-4 but the fixed com¬ 
pounds must still be effective as wood preservatives. To 
devise such a process of fixation, it is necessary to under¬ 
stand the physical and chemical behavior of boron species 
and the distribution of boron in wood before and after 
leaching. Accordingly, analysis of boron in timber plays an 
important role in the study of fixation mechanisms, whereas 
it is difficult to estimate boron in a solid state. 

Raman spectroscopy is a useful, reliable technique for 
identifying boric acid and borates because of their charac¬ 
teristic Raman-active vibrations due to symmetry. This 
spectroscopy has been widely utilized to investigate boron 
species in various dispersed systems (e.g., solutions or glass) 
and is suitable for microscopic, nondestructive analysis. 

There have been few reports on the Raman spectra of 
lignocellulosics, except those by Agarwal et al. 7 ' 8 and Atalla 
and Agarwal, 9,10 until recently because the fluorescence aris¬ 
ing from visible laser irradiation makes it difficult to obtain 
a spectrum by conventional Raman spectroscopy. Several 
Raman spectroscopic studies 11-14 on wood constituents have 
been reported, with a near-infrared laser being used as an 
excitation source. We have also reported on the iden¬ 
tification of adhesives, 15-18 and detected boric acid as a 
preservative in wood 19 using Raman spectroscopy. In a pre¬ 
liminary study, we demonstrated that (1) the prominent 
Raman band at about 879 cm -1 (iq) can be regarded as a 
reliable indicator of the B0 3 group and (2) most of the 
boron species are present as B(OH) 3 in Japanese cedar 
wood treated by impregnation with aqueous boric acid 
solutions. 19 

The aim of this study is to obtain more information on 
the behavior of boron species in treated wood through the 
use of Raman spectroscopy. In the present paper, we report 
changes in the intensity of the v, band with increasing boric 
acid concentration in aqueous solution and the correlation 
between the intensity and the peak-top wavenumber. The 
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Raman spectroscopic results are interpreted from the view¬ 
point of the chemical species around boron species. More¬ 
over, the distributions of boron species in the treated wood 
are investigated on the basis of v 1 band intensity. 


Materials and methods 

Wood samples 

The wood blocks used as samples in this study were taken 
from an 80-year-old Japanese cedar and divided into two 
types by size. The A-type samples were 20(T) X 20(R) X 
5(L) mm, and the B-type samples were 15(T) X 15(R) X 
50(L) mm. Each block was kept at 25°C and 60% relative 
humidity (RH) in an environmental chamber to obtain a 
constant weight and then vacuum-impregnated with aque¬ 
ous boric acid solutions. Boric acid was purchased from 
Wako Pure Chemical Industries and was used without fur¬ 
ther purification. The water used for preparing boric acid 
solutions was deionized by passage through an ion- 
exchange column and then distilled. All the A-type blocks 
were prepared from sapwood. Half of the B-type blocks 
were made from sapwood and half from heartwood. 

Treatment with boric acid 

Aqueous solutions for treatment ranged in boric acid con¬ 
centration from 8.1 X 1CT 2 to 7.29 X 10 -1 moldm -3 . After 
overall immersion of wood blocks into an aqueous boric 
acid solution, the vessel holding the solution was placed in a 
vacuum desiccator. The internal pressure was evacuated 
with a water-jet pump until it became constant. The desicca¬ 
tor was closed and left to stand for an hour. The blocks were 
then removed out from the solution. The surplus solution 
on the surface of the block was quickly soaked up with filter 
paper, and the weight of the block taking up the boric acid 
solution was measured. After air-drying at 23° ± 1°C for 2 
days, each block was kept in the chamber under the condi¬ 
tions noted above until a constant weight was obtained. 
Five A-type and two B-type replications were provided for 
an aqueous solution. A-type and B-type blocks treated by 
impregnation with pure water through the same procedures 
were adopted as control samples. 

Raman spectroscopy 

Fourier-transform (FT)-Raman spectra were recorded 
using a JEOL JIR7000W spectrometer equipped with an 
RS-RSU-200 Raman module and a TGS detector. The 
excitation source was an Nd 3+ :YAG laser (1064.lnm) in 
the 180° back-scattering configuration. The laser beam was 
focused onto the wood blocks to a point of about 0.5 mm 
diameter; the incident laser power was 220 mW, which is 
low enough to prevent irreversible thermal damage to the 
wood. To obtain good-quality spectra of wood samples, 
1000-3000 scans were accumulated at about 2 cm intervals 


(ca. 4 cm -1 spectral resolution). All the Raman spectra were 
recorded at ambient temperature. The wavenumber was 
calibrated using the 460 cm -1 line of carbon tetrachloride 
and the 1332cm -1 line of diamond. 

As for A-type blocks treated with boric acid, Raman 
spectra were measured only on the transverse face. The face 
to be irradiated by the laser was shaved to remove boric 
acid crystals from the surplus solution. Raman measure¬ 
ments were carried out with five A-type replications for 
each boric acid concentration. Two or more Raman spectra 
were recorded from each A-type block. When a point on a 
transverse face was measured, the same point on another 
transverse face was also measured. The treated B-type 
blocks were cut parallel to their radial face into two equal 
parts. Raman line maps on the new surfaces (radial face) 
were made in the longitudinal direction. The peak height of 
the Raman band at 879 cm 1 due to B(OH), was determined 
in a spectrum from which the components of Japanese 
cedar wood were eliminated by a difference spectrum 
method. 


Results and discussion 

Figure 1 shows a comparison of the Raman spectra in the 
400-2000 cm -1 region of boric acid in a solid state (micro¬ 
crystals) with that dissolved in water at 7.29 X 
10 'mol dm \ A symmetrical B0 3 stretching vibration, 30 v u 
which is Raman active and characteristic, appears at 
879cm 1 in the solid state. In the aqueous solution the same 
band is observed at a slightly lower wavenumber (875 cm -1 ). 
Raman lines at 497cm -1 (O—B—O bending, v 2 ) and 
1167 cm -1 (B—O—H bending, v 3 ) 20 are apparent in the 
solid state but not detectable in the aqueous solution. The 
broad band at around 1620 cm -1 observed in the aqueous 
solution is assigned to a bending vibration of a H 2 0 



Wavenumber/cm' 1 

Fig. 1. Raman spectra of boric acid, a, microcrystals; fo, aqueous solu¬ 
tion at 7.29 X KT'moldnT 3 
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Fig. 2. Raman spectra of transverse faces (earlywood) of A-type 
blocks treated with aqueous solutions, a, A-type block treated with 
pure water; b, A-type block treated with 7.29 X KT'moldnT 3 solution; 
c, A-type block treated with 2.43 X 10 -1 moldm -3 solution; d, differ¬ 
ence spectrum of b minus a\ e, difference spectrum of c minus a 

molecule. No boron species other than B(OH) 3 could be 
identified from the Raman spectra in the aqueous solutions 
used in this study. 

Raman spectra of earlywood on a transverse face of A- 
type blocks treated with the aqueous solutions in the same 
wavenumber region are shown in Fig. 2. In general, Raman 
spectroscopy can be regarded as a surface analytical tool 
provided the sample is an opaque solid. An excitation light 
of 1064.1 nm scarcely penetrates the cell wall of the wood 
owing to its opacity. It can be presumed, therefore, that 
these spectra reflect only the compounds in an extremely 
short range from the transverse face. 

The top Raman spectrum in Fig. 2 was obtained from a 
control wood block treated with pure water, and its spectral 
contour agrees fairly well with those of untreated Japanese 
cedar wood. 15,17 There was no significant difference in spec¬ 
tral contour between the earlywood and latewood of the 
control block, whereas the Raman band intensities of late- 
wood were much larger than those of earlywood. In addi¬ 
tion, the moisture content had little influence on the Raman 
spectra of the wood blocks after air-drying, as this spectros¬ 
copy is far less sensitive to water molecules than infrared 
spectroscopy. 

Spectra b and c in Fig. 2 are representative Raman spec¬ 
tra of A-type blocks treated with boric acid solutions of 7.29 


X lO^and 2.43 X lO^moldm -3 , respectively. The intensi¬ 
ties of Raman bands due to the BO, group varied consider¬ 
ably even in an A-type treated block. Spectrum d is 
expressed as (b) — k X (a), where k is a constant; that is, 
a difference spectrum removed the Raman bands due to 
wood components from spectrum b. Spectrum e was calcu¬ 
lated from spectra a and c in the same way. 

The v l and v 2 bands of the B0 3 group are obvious in 
spectrum b, and even the weakest band of v 3 is detectable 
around 1167cm in the difference spectrum d. For the 
wood block treated with the 2.43 X lO^moldnT 3 solution, 
the v, band of spectrum e is observable, but the 
wavenumber is slightly lower than that of spectrum d. Nei¬ 
ther v 2 nor v 3 is discerned despite the use of the difference 
spectrum method. 

No Raman band due to boron species, except v u v 2 , and 
v 3 , could be detected in the 400-2000 cm -1 region in any of 
the treated A-type wood blocks. Thus, it is suggested that 
B(OH) 3 is the dominant form of the boron species and the 
amount of B(OH) 4 , polyborates, or other boron species in 
the treated wood blocks is much less than that of B(OH) 3 . 
This is supported by previous Raman studies for borates in 
aqueous solution 21-24 and pH measurements for Japanese 
cedar. 25 


Correlation between v, band intensity and boric acid 
concentration 

The weights of A-type blocks at 25°C and 60% RH before 
treatment with aqueous boric acid solution were in the 
range of 0.577-0.882 g. As for the blocks impregnated fully 
with the solution, the weights were 2.30-2.49 g and were 
apparently independent of the boric acid concentration in 
aqueous solution. The weight gain (the mean of five replica¬ 
tions) of the block after treatment is plotted versus the boric 
acid concentration in Fig. 3. An approximately linear rela¬ 
tion is found between weight gain and the concentration. 
Based on the weight measurements, it is evident that all the 
lumens in the A-type block made from sapwood were 
readily impregnated with the aqueous solution and that 
little solution effused from the block during the air-drying 
and conditioning processes. 

Figure 4 illustrates the plots of v, band intensity normal¬ 
ized by the band peaking near 1600 cuT 1 due to the benzene 
ring versus the boric acid concentration. Peak height was 
adopted as band intensity. The bar corresponds to the re¬ 
gion between the maximum and minimum band intensities 
at a given concentration. The normalization is of no worth 
unless the Raman spectra in Fig. 4 are recorded under 
the same conditions for Japanese cedar wood; hence the 
Raman measurements were made only on transverse faces 
of earlywood. 

The plots exhibit two remarkable results. First, the v, 
band intensity is far less linear with the boric acid concen¬ 
tration in an aqueous solution than the weight gain. Accord¬ 
ingly, the relation between the intensity and the weight gain 
is also nonlinear. Second, the minimum value hardly in¬ 
creases with the boric acid concentration despite a steep 
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Fig. 3. Relation between the weight gain of the treated A-type block 
and the boric acid concentration of the aqueous solution used for 
treatment 
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Fig. 4. Changes in v 1 band intensity obtained by Raman measurements 
of transverse faces (earlywood) of treated A-type blocks with the boric 
acid concentration of the aqueous solution used for treatment. The 
bars indicate the maximum to minimum range for Raman measure¬ 
ments at a given concentration 


increase in the maximum value. In the A-type wood 
samples treated with high-concentration solutions, large 
differences in the v 1 band intensity were often observed 
between both transverse faces of a sample, whereas the 


variation in intensity was not as large within a transverse 
face. The results suggest pronounced localization of boron 
in the longitudinal direction. The details are described later. 

We first discuss the nonlinear relation. As seen in Fig. 4, 
the v, band is not detected at a concentration of 8.1 X 
lfr 2 moldnT 3 , whereas a reasonable value for the weight 
gain is obtained. In other words, the result indicates a miss¬ 
ing fraction of boron species in the Raman spectroscopic 
analysis. In addition, it appears that the v l band intensity 
increases sharply at more than 3.24 X lO^moldnT 3 , espe¬ 
cially in maximum values; that is, there is a discontinuity in 
the range from 3.24 X lO^to 4.05 X lO^moldnT 3 . 

There are two possible explanations for the nonlinear 
relation. One is the complex formation of boron. It is gener¬ 
ally accepted that chemical bonds are formed between 
B(OH)/ and polyols containing diol groups in aqueous solu¬ 
tion, and the coordination number of boron is four in the 
complexes. 26 * 29 The vibrational modes of B—O bonds in 
the complexes should be entirely different from those in 
B(OH) 3 , and their Raman intensities may be extremely 
weak. Therefore, it can be seen that the boron complexes 
with wood constituent molecules correspond to the missing 
fraction. However, the results reported in this study provide 
no experimental evidence for the formation of boron com¬ 
plexes in the treated wood block. The complexes presum¬ 
ably, even though complexation occurs, present only in 
small amounts in the treated wood blocks. 

The second explanation is the penetration of B(OH), 
into the cell wall. Based on the mechanism of swelling of 
wood in liquid, 30,31 the penetration phenomenon for B(OH) 3 
can be described as follows. The aqueous boric acid solution 
passes rapidly from lumen to lumen through bordered pits 
and fills almost all of the lumens in A-type wood blocks by 
pressure reduction. At the same time or immediately after¬ 
ward, water molecules begin to penetrate the cell wall to¬ 
gether with dissolved B(OH) 3 . Forming hydrogen bonds 
with the OH groups of the wood components, the water 
molecules and B(OH) 3 penetrate more deeply into the cell 
wall. 

During the subsequent air-drying process, the concentra¬ 
tion of aqueous boric acid solution in the lumen increases 
gradually when water molecules evaporate from the wood 
block. From the viewpoint of chemical equilibrium, B(OH), 
in aqueous solution moves into the cell wall by concentra¬ 
tion. It can be presumed that all of the B(OH) 3 enters the 
cell wall provided the initial boric acid concentration of the 
aqueous solution is adequately low, because almost all of 
the water molecules exist in the cell wall and no free water 
remains in the lumens after air-drying. There is, however, 
an upper limit to the amount of B(OH) 3 that can be con¬ 
tained in the cell wall, and therefore excess B(OH) 3 precipi¬ 
tates as microcrystals when the solution in the lumen or 
intercellular space reaches a saturation point. The micro¬ 
crystals probably adhere to the surface of the cell wall, and 
the amount increases as the drying process proceeds. 

Briefly, after the air-drying process, B(OH) 3 exists only 
in the cell walls of wood blocks treated with adequately low- 
concentration solutions. When the initial boric acid concen¬ 
tration is beyond a certain value, boric acid microcrystals 
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separate out in the lumen. An EPMA study by Furuno 
et al. 32 has supported the existence of boron in the cell walls 
of Japanese cedar treated with aqueous boric acid solution. 

It is evident that the number of B(OH) 3 units per unit 
volume in the microcrystalline state greatly exceeds that in 
the treated cell wall, even if the wall is saturated with 
B(OH) 3 . Therefore, it is expected that the v 1 band intensity 
obtained from boric acid microcrystals is much stronger 
than that from the cell wall containing B(OH) 3 under the 
same conditions of laser irradiation, although an effective 
determinant for the v L band intensity is not the amount of 
B(OH) 3 alone. Consequently, the results in Fig. 4 suggest 
that boric acid precipitates as microcrystals in the vicinity of 
either of the transverse faces of the A-type wood blocks on 
treatment with a 4.05 X 1CT 1 mol dm~ 3 or more concentrated 
boric acid solution. 

Peak-top wavenumber of v, band 

The plots of the normalized v, band intensity against peak- 
top wavenumbers are shown in Fig. 5. Although every peak- 
top of the v 1 band is detected in the short range of 
871-879 cm -1 , there is a tendency for the peak-top to have 
higher wavenumbers with increasing v 1 band intensity. It is 
worth noting that all the peak-top positions are located at 
the upper limit of 879 cnT 1 , which is equal to the value for 
the microcrystals shown in Fig. 1, in the intensity region 
above 0.3. This indicates that most of the B(OH) 3 exists as 
microcrystals at the spot where a strong v 1 band appears, 
which supports our proposal for the behavior of B(OH) 3 
during the air-drying process. 



Peak-top wavenumber /cm" 1 


Fig. 5. Plots of V; band intensity against the peak-top wavenumber in 
Raman measurements of a transverse face (earlywood) of a treated A- 
type block 


In contrast, the peak-top wavenumber varies from 871 to 
879cm 1 in the low-intensity (< 0.3) region. In particular, 
most values are 875 cm or less in the region below 0.1. The 
change of chemical species around the B(OH) 3 unit better 
explains the variations of the peak-top wavenumber in the 
small range than the chemical bonds of boron (e.g., the 
formation of complexes) because the wavenumbers of B— 
O vibrations in the complexes should be entirely different 
from those in B(OH) 3 . 

The B(OH) 3 unit in the treated wood can be classified 
into two groups according to the chemical species of the 
nearest neighbor. One is a group having only the same units 
around itself, such as microcrystals. The other group con¬ 
sists of B(OH) 3 units penetrating the cell wall; hence, 
possible chemical species next to the B(OH) 3 unit are the 
constituents of wood, such as cellulose, hemicellulose, lig¬ 
nin, and water molecules in addition to the same unit. 

The results shown in Fig. 5 suggest that B(OH) 3 at irra¬ 
diation sites, if only the weak v 1 bands are obtained, does 
not exist as microcrystals. It is expected that the B(OH) 3 
unit in the cell wall forms hydrogen bonds with the bound 
water molecules or wood constituents in the nearest neigh¬ 
bor sphere, although it is not clear why the v 1 band shifts to 
a wavenumber lower than that of the microcrystals. 


Comparison of latewood with earlywood 

The differences between the Raman spectra of both early¬ 
wood and latewood on a transverse face of the treated A- 
type block are described here. The Raman measurements 
alternating between earlywood and latewood were carried 
out as shown in Fig. 6a. The Raman spectral changes on the 


Cross section of A-type wood block 



Cut surface (radial section) of B-type wood block 



Fig. 6. Measurement points on the surface of wood blocks, a Points on 
a transverse face of an A-type block corresponding to that in Fig. 7. b 
Points on the newly cut surface (radial face) of a B-type block corre¬ 
sponding to that in Fig. 9. Filled circles, laser irradiation spot with a 
diameter of about 0.5 mm 
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Fig. 7. Raman spectral changes between earlywood and latewood on a 
transverse face of an A-type block treated with an aqueous boric acid 
solution at 6.48 X KT'moldnT 3 


transverse face of the wood blocks treated with 6.48 X 
10 'moldm 1 solutions are depicted in Fig. 7. The Raman 
band intensities attributed to the wood constituents in the 
latewood are 1.5-2.0 times those in earlywood, although 
there is no significant difference in the line shape of the 
Raman bands between them. It is likely that the variation in 
the intensity of the Raman band due to wood corresponds 
to that of the apparent specific gravity of the wood portion 
at the laser spot. Interestingly, it is apparent from Fig. 7 that 
the intensities of the v, band observed for earlywood are 
larger than those for latewood. 

In the blocks treated with low-concentration solutions 
(< 2.43 X KT'moldm -3 ), a reverse correlation was occa¬ 
sionally obtained; that is, there was an increase in the 
Raman band intensity of v, with the apparent specific grav¬ 
ity at the laser spot, which was not as appreciable owing to 
the low intensity of the v 1 band. Moreover, such a correla¬ 
tion was also observed in the Raman measurements of 
blocks treated with high-concentration solutions when the 
v 1 intensity was sufficiently weak. As a result, the factor that 
determines whether the intensity of v 1 increases or de¬ 
creases with those of the Raman bands due to the wood 
constituents would not be the initial concentration of the 
boric acid solution for the treatment but the amount of 
B(OH), on or near the transverse face of the treated wood 
block. 

A likely explanation for the noteworthy results is based 
on our proposal for the behavior of B(OH) 3 . The amount of 
B(OH) 3 contained in the cell wall per unit volume of a wood 
block is much larger in the latewood portion than in the 
earlywood portion because the cell wall/lumen volume ratio 
of latewood is larger than that of earlywood. Conversely, 
less B(OH) 3 precipitate is deposited in the lumens of late¬ 
wood than in those of earlywood after air-drying. Accord¬ 
ingly, it is anticipated that a stronger v 1 band intensity would 
be observed in earlywood than in latewood if precipitation 
of B(OH) 3 occurs. In the absence of a precipitate, the 
changes in intensity of the v, band are not necessary, in 
accordance with the results in Fig. 7. 

Distribution of B(OH) 3 in the longitudinal direction 

We have discussed only B(OH) 3 on or near the transverse 
face of wood samples. Hence, the inner B(OH) 3 is now 
investigated. The A-type blocks were not long enough to 
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Fig. 8. Plots of the weight gains of treated B-type blocks versus the 
boric acid concentration used of the aqueous solution used for treat¬ 
ment. Circles , sapwood, triangles , heartwood 


study the inner distribution of B(OH) 3 in wood, so we 
adopted B-type blocks, in which the longitudinal length was 
50 mm. 

Figure 8 shows the weight gain versus the initial concen¬ 
tration of boric acid of sapwood and heartwood in B-type 
blocks. In the blocks from sapwood, the gain increases 
smoothly with increasing concentration, as in the A-type 
blocks. The increase shows complete impregnation with 
boric acid solution in each sample. In contrast, such a con¬ 
tinuous increase is not observed in the heartwood blocks, 
and there are several distinct discontinuities in the variation 
of weight gain with the concentration of boric acid. Thus, it 
is not easy to impregnate entirely the B-type blocks com¬ 
prised of heartwood with boric acid solution even through a 
vacuum process. This is ascribed to the much larger portion 
of closed or enclosed (or both) bordered pits compared to 
that in earlywood. 

The Raman measurements were performed in the longi¬ 
tudinal direction in earlywood of a cut surface (radial face) 
of B-type blocks treated with 7.29 X lO^moldnT 3 solution. 
Two Raman line maps arc illustrated in Fig. 9 (cf. Fig. 6b). 
These maps show representative spectral changes for sap- 
wood and heartwood. All the spectra are given as a differ¬ 
ence spectrum by subtracting the components due to wood 
constituents from the raw spectrum. Although v, appears as 
a strong band at the measurement points in the neighbor¬ 
hood of the cut ends, the intensity decreases sharply with 
increasing distance from the cut end. The v 1 band is unde¬ 
tectable outside of an extremely limited range of depth 
from the cut end, especially for the sapwood block. The 
same spectral changes were observed near the opposite cut 
end. 
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Fig. 9. Line maps of various Raman spectra in the longitudinal direc¬ 
tion of treated B-type blocks, a Sapwood - distance from end grain: 1, 
0.5mm; 2, 1.0mm; 3, 1.5mm; 4, 2.0mm; 5, 3.0mm; 6, 4.0mm. b Heart- 
wood - 1, 0.5 mm; 2,1.0mm; 3,1.5 mm; 4, 2.0 mm; 5, 2.5 mm; 6, 3.0 mm; 
7, 5.0 mm; 8, 6.0mm; 9, 7.0 mm 

These results, which suggest that B(OH), microcrystal¬ 
line precipitates only in the vicinity of the cut end, are 
notable, although Raman measurements have not been car¬ 
ried out over the entire cut surfaces. A complete explana¬ 
tion for such a localization of the boric acid microcrystals 
has not been provided; however, the drying process and the 
cell structure of wood samples are likely to be factors affect¬ 
ing their distribution. Further investigation requires a more 
detailed two-dimensional analysis. 


Conclusions 

We explored the distribution of boron species in Japanese 
cedar treated with aqueous boric acid solutions by Raman 
spectroscopy. The results revealed that B(OH) 3 is the domi¬ 
nant form in the boron species and localization of B(OH) 3 
microcrystals occurs during the air-drying process; the re¬ 
sults have been interpreted in terms of the physical and 
chemical behavior of B(OFI) 3 species in wood. Based on the 
intensity and peak-top wavenumber of the Raman band (vj 
due to B(OH) 3 , it is proposed that the B(OH) 3 unit in wood 
can be classified into two groups based on the chemical 
species around it. One group comprise the microcrystalline 
state of B(OH) 3 precipitated in lumens, and the other com¬ 
prises the B(OH) 3 units penetrating the cell wall. An obvi¬ 
ous tendency recognized from Raman line maps in the 
longitudinal direction is that B(OH) 3 microcrystals are 
made significantly more abundant near cut ends in a long- 
axial wood block (e.g., the B-type block) via the air-drying 
process. 
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